Introduction
Pegylated interferon-α (peginterferon-α or PEG-IFN-α) is an antiviral and immunoregulatory drug that has served as the foundation for the treatment of hepatitis C virus (HCV) infection for more than two decades. Currently, there are two PEG-IFNs on the market, in combination with the broad-spectrum antiviral, ribavirin (RBV), for the treatment of chronic HCV: PEG-IFN-α 2a and PEG-IFN-α 2b. The two drugs are differentiated by the size and nature of their covalently attached polyethylene glycol (PEG) moiety. Although PEG-IFN-α 2a and 2b exhibit differences in pharmacokinetics and dosing regimens, the consensus is that the two drugs are clinically equivalent [1] .
HCV infection affects 170-200 million people worldwide and is the leading cause of cirrhosis and hepatocellular carcinoma [2] . Although the prevalence of HCV appears to be decreasing in most developed nations, mortality due to liver diseases secondary to HCV infection is expected to continue to rise over the next 20 years [3] . Although a minority of patients with acute HCV infections are able to clear the virus spontaneously, 55-85% of patients develop chronic HCV infection, defined as detectable HCV RNA for longer than 6 months [4] . Chronic infection, once established, rarely resolves spontaneously [5] . The primary goal of treatment is achievement of sustained virologic response (SVR), characterized by undetectable serum viral RNA 24 weeks after the end of therapy, which is considered clinically as cure of infection and is associated with lower morbidity and mortality [6] . HCV is divided into seven recognized genotypes (1) (2) (3) (4) (5) (6) (7) , which differ at 30-35% of nucleotide sites [7] . HCV genotypes are differentially distributed globally, with genotype 1 being most prevalent in North America, South America, and Europe [8] . Further, the HCV genotype is highly associated with response to PEG-IFN-α/RBV combination either of the 'first-generation' protease inhibitor DAAs, boceprevir (BOC) or telaprevir (TVR) [23] . These triple therapies have demonstrated SVR rates of 65-75% [24-26] . The 'second-generation' protease inhibitor simeprevir was approved by the Food and Drug Administration (FDA) in 2013 and raised the SVR rates to ~ 80% [27] . Sofosbuvir, which was recently approved by the FDA, has shown great potential to improve SVR rates even further, either as part of triple therapies in combination with PEG-IFN-α/RBV [28] [29] [30] or as part of IFN-free therapies with either simeprevir or ledipasvir [31, 32] . Finally, trials of the recently FDA-approved IFN-free regime consisting of paritaprevir (ABT-450) boosted by ritonavir, ombitasvir, dasabuvir, and ribavirin have demonstrated SVR rates greater than 95% in both treatment-naive patients and previous nonresponders with HCV genotype 1 and no cirrhosis [33, 34] . As a result, the American Association for the Study of Liver Diseases recently revised its practice guidelines for HCV genotype 1 patients to include only IFN-free regimes, which boast of improved tolerability as well as efficacy [35] .
Pharmacokinetics
Attachment of a PEG moiety (pegylation) was a major advancement that led to improvement in the pharmacokinetics of IFNs. Compared with administration of unmodified IFN-α three times a week, PEG-IFNs allow for a once-weekly dosing administration and avoid large fluctuating serum concentrations. PEG-IFN-α 2a has a branched 40 kDa PEG chain covalently attached to lysine residues and circulates as an intact molecule, whereas PEG-IFN-α 2b has a linear 12 kDa PEG chain covalently attached through an unstable urethane bond that is hydrolyzed after injection. The size and nature of the PEG moiety attached causes differences in the pharmacokinetics and dosing regimens of the drugs [36] .
The absorption half-life of unmodified IFN-α is 2.3 h, whereas those of PEG-IFN-α 2a and 2b are ~ 50 and 4.6 h, respectively [37] . In addition to its longer half-life, PEG-IFN-α 2a is more highly localized than PEG-IFN-α 2b, having a smaller volume of distribution (0.99 l/ kg), with highest concentrations occurring in the liver [37] . Patients administered a single dose of PEG-IFN-α 2a reached a mean maximum serum concentration of 14.2 μg/l in a mean time of 78 h after administration [38] . Following multiple doses (180 μg weekly), the mean maximum serum concentration was 25.6 μg/l, which was reached in a mean time of 45 h. In contrast, maximum serum concentrations for PEG-IFN-α 2b were achieved between 15 and 44 h after administration and sustained for 48-72 h. PEG-IFN-α 2a had a smaller peakto-trough ratio of 1.5-2, as compared with a ratio of greater than 10 after multiple doses. Thus, PEG-IFN-α 2a exhibited less fluctuation in serum concentration during the 1-week dosing interval [37] .
The longer half-life and limited distribution of PEG-IFN-α 2a allows for a fixed, weekly dose. Conversely, weekly dosage of PEG-IFN-α 2b must be adjusted according to body weight [1] . Because of the relatively short serum half-life of PEG-IFN α 2b, a significant number of patients may have undetectable levels of the drug by the end of the weekly dose interval, which may cause viral rebound [39, 40] . It has been suggested that a shorter dosage interval, such as a twice-weekly regimen, may be necessary for PEG-IFN-α 2b, although this has not yet been formally tested [38] .
PEG-IFN-α 2a is cleared by both the liver and the kidney; ~ 30% of PEG-IFN-α 2b is cleared by the kidney, with the rest cleared by the liver or degraded after interacting with cellular IFN receptors [37] . Compared with standard IFN-α, PEG-IFN-α 2a and 2b have significantly reduced renal clearance [41] .
RBV coadministration does not affect the pharmacokinetics of PEG-IFNs, nor do PEG-IFNs affect that of RBV [42] . For patients administered PEG-IFN-α 2b/RBV combination therapy, the mean peak plasma RBV concentrations at week 1 were 741, 799, and 1101 ng/ml for daily RBV doses of 600, 800, and 1000-1200 mg, respectively. At week 4, these dosing regimens produced mean peak plasma RBV concentrations of 1770, 2297, and 2750 ng/ml, respectively, accounting for five-fold RBV accumulation. Regardless of dosing group, apparent clearance of RBV was consistently 23-26 l/h [37] .
Pharmacodynamics
IFN-α acts both directly and indirectly as an antiviral, although the exact mechanisms by which PEG-IFN-α inhibits HCV replication are still not well understood [1] . IFN-α exerts its effects by inducing a non-virus-specific immune response in cells through up-regulation of many IFN-stimulated genes (ISGs) that encode antiviral effector proteins. As shown in Fig. 1 , when HCV RNA is detected by the host innate immune system, it is recognized by several pathogen recognition receptors such as retinoic acid inducible gene-1, encoded by the DDX58 gene. Retinoic acid inducible gene-1 activates the adapter mitochondrial antiviral signaling protein, which induces phosphorylation of IFN regulatory factor 3 (IRF3) and IRF7. The two proteins heterodimerize, then translocate to the nucleus and induce the expression and secretion of various IFNs, including IFN-α, IFN-β, and IFN-λ.
Circulating IFN-α binds to two unique cell surface receptor subunits, IFN-α R1 and IFN-α R2. Once bound to IFN-α R1 and IFN-α R2, a heterodimer is formed and activates Janusactivated kinase (JAK) and tyrosine kinase, which in turn phosphorylate the cytoplasmic signal transducers and activators of transcription (STAT) proteins, STAT1 and STAT2. Phosphorylated STAT1 and STAT2 dimerize and bind IRF9, forming the interferonstimulated gene factor 3 (ISGF3) complex. ISGF3 then translocates to the nucleus, where it binds to interferon-stimulated response elements. Upon binding DNA, ISGF3 induces transcription of ISG mRNAs encoding a number of effector proteins. Microarray analyses have shown that IFN-α induces hundreds of ISGs, many of which are related to antiviral activity and others are involved in lipid metabolism, apoptosis, protein degradation, and inflammatory responses [43] . Among the major ISGs believed to play important roles in inhibiting HCV replication are 2′,5′ oligoadenylate synthetase 1, eukaryotic translation initiation factor 2-alpha kinase 2 (formerly known as PKR), adenosine deaminase RNAspecific, and MX dynamin-like GTPase 1. Conversely, antiviral signaling is controlled by anti-inflammatory ISGs, such as ubiquitin-specific peptidase 18, suppressor of cytokine signaling 3, and protein inhibitor of activated STAT1, which act as part of a negative feedback loop that restricts both the extent and duration of the IFN response by direct or indirect inhibition of STAT signaling [44, 45] .
In addition to its antiviral activity, IFN-α exerts immunologic effects through interaction with the adaptive and innate immune responses to promote memory T-cell proliferation, prevent T-cell apoptosis, and stimulate natural-killer cell activation and dendritic-cell maturation [46] . Finally, IFN-α has been shown to increase the production of major histocompatibility complex class I and class II molecules [47] . However, these immunological properties are likely not directly involved in HCV clearance by IFN-based therapies, which are thought to exert their effects primarily through their antiviral activity [48] .
Virological decline, often referred to as the 'viral kinetics of response', is an important ontreatment predictor of achieving an SVR during PEG-IFN-α/RBV therapy. Rapid virological clearance (RVR) and early virological response (EVR), defined as undetectable HCV RNA after 4 weeks and a 2 log decline in HCV RNA after 12 weeks, respectively, have both been shown to be associated with SVR [23, 49] . Indeed, SVR rates for patients who achieve RVR are greater than 70%, and the treatment regime can be shortened in these patients [50, 51] .
The pharmacodynamics of PEG-IFN-α 2a and 2b appears to be similar. Pharmacodynamic comparisons have shown that the two PEG-IFN-α forms have similar biological activity, as evidenced by induction patterns of 2′,5′-oligoadenylate synthetase, neopterin, and the major histocompatibility complex class I molecule β 2 -micro-globulin [1, 52] . However, one study found that PEG-IFN-α 2b exhibited greater activation of ISGs in a group of 31 patients with HCV genotype 1 infection [53] .
Similar to IFN-α, IFN-λ activates the JAK-STAT pathway, which upregulates a number of ISGs by binding to the IFN-stimulated response element, and establishes an antiviral state in cells. IFN-λ has been shown in experimental models to inhibit HCV replication, and when coadministered with IFN-α, this antiviral effect was additive [54, 55] . Although IFN-α and IFN-λ increase the expression of a similar set of ISGs through the same downstream pathways to exert their effects, they signal through unique receptors: IFN-λ binds to the IL10R-IL28R receptor complex, which is highly expressed only in hepatocytes [56] . Further, the kinetics of response differ between the two IFNs: IFN-λ exhibits more rapid phosphorylation of STAT, yet more delayed and prolonged expression of various ISGs compared with IFN-α [55] . Because of the more limited distribution of the IFN-λ receptor, among other factors, it has been suggested that a pegylated form of IFN-λ may be better tolerated than PEG-IFN-α [57, 58] .
The mechanism of action of RBV against HCV remains unclear. It has been suggested that RBV acts directly to inhibit HCV replication or inhibits the host enzyme inosine monophosphate dehydrogenase [58] . Conversely, RBV may act indirectly against HCV viral replication by causing rapid and lethal mutations of virions or depletion of intracellular guanosine triphosphate, which is required for viral RNA synthesis [59, 60] . Finally, it has been suggested that RBV may exert its effect through immunomodulatory activity [5] .
Pharmacogenomics

IFNL3 variation and PEG-IFN-α/RBV treatment response
Marked variation in HCV clearance and response to PEG-IFN-α among different ethnic groups and among patients infected with the same HCV genotype have long pointed to host genetic factors as determinants of treatment success [61] . In 2009, several genomewide association studies independently showed that several SNPs on chromosome 19, near IFNL3, are strongly associated with response to PEG-IFN-α/RBV therapy in individuals infected with HCV genotype 1 or 4. These studies demonstrated that HCV genotype 1 patients with favorable variants in the IFNL3 locus (rs12979860 CC or rs8099917 TT) were two to three times more likely to achieve SVR with PEG-IFN-α/RBV combination therapy and also had higher rates of spontaneous HCV clearance in the absence of treatment, as compared with patients with the unfavorable T or C genotype, respectively [62] [63] [64] [65] [66] . These findings were later validated in several candidate gene studies [67] [68] [69] [70] . The association between the IFNL3 genotype and SVR has been confirmed by independent studies in various populations from Asia, Europe, and Latin America [22, [71] [72] [73] [74] [75] [76] [77] . Thus, IFNL3 variation constitutes the strongest pretreatment indicator of PEG-IFN-α/RBV response for HCV genotype 1 patients, even when accounting for known clinical predictive factors [62, 65] . Once PEG-IFN-α/RBV therapy is initiated, the favorable rs12979860 CC genotype is also associated with significantly higher rates of viral clearance at the 2, 4, 12, and 48-week treatment points, indicating better viral kinetics, as well as increased rates of RVR, EVR, and end-of-treatment response, and a reduced virological relapse rate [78] .
Most studies of patients infected with HCV genotypes 2 and 3 have found a relatively weak correlation between the IFNL3 genotype and treatment response, but many have failed to achieve statistical significance [65, [79] [80] [81] [82] [83] , likely because SVR rates are generally high among HCV genotype 2 and 3 patients [22] . Further, as variation in SVR rates among the different IFNL3 genotypes is generally smaller in patients infected with HCV genotypes 2 and 3, IFNL3 genotyping may be of little value in predicting SVR. However, significant associations between the IFNL3 genotype and RVR have been demonstrated in studies on HCV genotype 2 and 3 patients [84] [85] [86] [87] . The IFNL3 genotype may be more useful in predicting RVR in patients with HCV genotypes 2 and 3, which can inform decisions to shorten treatment duration and minimize treatment-associated adverse effects [88] .
Role of the IFNL3 genotype in HCV-HIV coinfected and liver transplant patients
Coinfection with HCV is relatively common (15-40%) among patients with HIV infection, likely because of common routes of transmission [89] . As the progression of HCV-related liver disease is accelerated in coinfected patients [90, 91] , HCV has become an important cause of morbidity and mortality among HIV-infected individuals [92] . Unfortunately, HIV-HCV-coinfected patients are also less likely to respond to PEG-IFN-α/RBV therapy compared with HCV monoinfected patients [89] . Thus, predictors of response to PEG-IFN-α/RBV treatment are useful for identifying the best candidates for current therapies. The association between the IFNL3 genotype and PEG-IFN-α/RBV therapy outcome has been consistently demonstrated across studies in subgroup analyses of HIV patients coinfected with HCV genotypes 1 and 4, but not in patients with HCV genotypes 3 and 4 [79, 84] .
Several studies have shown an association between the favorable IFNL3 genotypes (rs12979860 CC or rs8099917 TT) and higher SVR rates [79, 84, [93] [94] [95] , although one study that compared the two SNPs found that rs12979860 was a better predictor of response [96] . IFNL3 genotyping may also be useful in patients coinfected with HIV and HCV genotype 1 or 4 who had undergone previously failed PEG-IFN-α/RBV therapy, to identify nonresponders who would likely benefit from retreatment [84, 97] .
In addition, the IFNL3 genotype has been demonstrated to be an important predictor of reinfection in HCV patients who undergo liver transplantation. In several independent cohorts, the favorable rs12979860 CC and rs8099917 TT genotypes of both donor and recipient have been shown to be associated with higher SVR rates [98] [99] [100] [101] . However, most studies that identified correlations were performed in HCV genotype 1 patients and there is little evidence of associations among other genotypes [22] .
Distribution of IFNL3 alleles among ethnic groups
The favorable IFNL3 rs12979860 polymorphism is differentially distributed among ethnic groups, with African-Americans having the lowest frequency (allele frequency 0.39), Eastern and South-Eastern Asians having the highest frequency (nearing 0.9), and Caucasians and Hispanics having an intermediate frequency (0.63 and 0.55, respectively) [62, 64, 78, 102] . The SNPs rs12979860 and rs8099917 exhibit strong linkage disequilibrium, except in patients of African ancestry, with partial linkage disequilibrium in Caucasians and near-complete linkage disequilibrium in Asians [62, 65] . The varying frequencies of favorable alleles help explain differences in SVR rates among different ethnic populations [62, 103] . For example, it is estimated that approximately half of the difference in SVR rates among European-Americans and African-Americans is due to the rs12979860 C allele [62] . Still, in African-American patients with the favorable rs1297860 CC genotype, viral kinetics have been shown to be slower and SVR rates lower than in European-Americans of the same genotype. This may suggest that ethnicity remains an independent predictor of outcome and points to the existence of currently unknown gene variants that influence treatment response, particularly in African-Americans [78] .
Proposed mechanism of action of IFNL3 variations on treatment response
The biological implications of IFNL3 variations -that is, the actual mechanisms by which the IFNL3 genotype affects response to PEG-IFN-α and RBV -remain unclear. Although the effects of IFNL3 polymorphisms on IFN-λ production and intrahepatic ISG expression are still controversial, it has been suggested that ISG expression patterns may in part explain the difference in SVR rates. Interestingly, patients with the unfavorable IFNL3 genotype (rs1297860 CT/TT) were found to have higher intrahepatic ISG expression at baseline, and this is associated with failure to respond to PEG-IFN-α/RBV treatment [104, 105] . One explanation for this is that patients with the unfavorable genotype exhibit continual, ineffectual intrahepatic expression of ISGs. At the same time, IFN-signaling inhibitors such as SOC3 and protein inhibitor of activated STAT 1 are also upregulated; this preactivated ISG response may be insufficient to clear the virus, but it may cause reduced sensitivity to PEG-IFN-α therapy through negative regulation of JAK-STAT signaling by IFN-signaling inhibitors [104, 106] . Thus, even when PEG-IFN-α is administered, the cell may fail to induce strong enough ISG expression and be unable to clear the virus [106] .
Conversely, patients with the favorable IFNL3 genotype may induce a weaker response to HCV RNA, and thus less IFN expression occurs, resulting in lower ISG levels at baseline and higher viral loads. When IFN-α is administered, there may be less inhibition of IFN signaling by negative regulatory molecules, causing the cell to be more sensitive to IFNs, and a stronger ISG induction is possible. Ultimately, this unrestrained IFN signal transduction and strong ISG stimulation may result in more effective clearance of the virus. Indeed, patients with the favorable IFNL3 genotype are observed to eliminate HCV more efficiently at each time point of treatment, indicating better viral kinetics [107] . Yet, despite known association with treatment response and a proposed mechanism for its effect, it remains unknown whether the favorable IFNL3 SNPs actually exert biological effects or are simply in linkage disequilibrium with other functional polymorphisms.
IFN4 (ss469415590) and PEG-IFN-α/RBV treatment response
Most recently, studies of the genetic region upstream of IFNL3 have uncovered a new transiently induced region that encompasses a dinucleotide variant, rs368234815 TT/ΔG (originally designated ss469415590). IFNL3 is in high linkage disequilibrium with rs12979860 and has been suggested as a possible causal variant [108] [109] [110] . ss469415590[ΔG] is a frame-shift variant that creates a novel gene, IFNL4, encoding the IFN-λ4 protein. IFN-λ4 is similar but not identical to IFN-λ3 [109] . Like the existing three members of the IFN-λ family, IFN-λ4 exhibits antiviral activity in vitro and binds the IL10RB/IFNLR1 receptor complex to activate the JAK-STAT pathway. Patients with the ss469415590 [ΔG] allele express the full protein, whereas the TT allele causes a frame shift that leads to an abrogation of the IFN-λ4 protein [109] . Interestingly, the TT allele is strongly associated with spontaneous or treatment-induced SVR, indicating that disruption of IFNL4 is favorable [109, 110] . The apparent associations between IFN-λ4 production and a reduced likelihood of spontaneous or PEG-IFN-α/RBV therapy-induced clearance of HCV suggests that this novel IFN may be responsible for the observed clinical phenotypes, although the mechanism remains unclear [109] . In contrast to most IFNs, the IFN-λ4 protein is poorly secreted, and it has been hypothesized that it may impair HCV clearance by blocking other IFN-λs from binding the IL10RB/IFNLR1 receptor. Of note, ss469415590, but not rs12979860, has been shown in peripheral blood mono-nuclear cells to be involved in the stimulation of IFN-α and IFN-λ-inducible protein 10 mRNA, high plasma levels of which are associated with treatment failure [110] .
As ss469415590 is strongly correlated with rs12979860 of IFNL3, the novel variant provides no additional information for predicting treatment response in Caucasian patients. Conversely, IFNL4 is only moderately correlated with rs8099917 in Caucasian patients, suggesting that it may serve as a better predictor of treatment outcome [111, 112] . Likewise, the IFNL4 genotype may be a better predictor of treatment response in patients of African ancestry because ss469415590 shows only weak correlation with rs8099917 and moderate correlation with rs12979860 in these populations [109] . Taken together, the identification and characterization of the ss469415590 TT/ΔG functional variant represents a new step toward elucidating the genetic mechanisms of HCV clearance and the role of IFN polymorphisms in predicting HCV treatment response.
IFNL3 in the age of direct-acting antivirals
With the incorporation of DAAs into the HCV treatment arsenal, the question emerges of whether the IFNL3 genotype will remain relevant in predicting treatment outcomes to tripleacting therapies that include these new agents. Initial data suggest that the IFNL3 genotype may remain useful, but less so than for traditional PEG-IFN-α/RBV dual therapy [113, 114] . To date, the most well-studied triple therapies are those that combine PEG-IFN-α and RBV with the 'first-generation' protease inhibitors BOC and TVR. In treatment-naive patients, SVR rates for patients treated with triple therapies that included BOC and TVR, respectively, were significantly higher for those with the favorable rs12979860 CC genotype (80 and 90%) as compared with those with the CT (71 and 71%) and TT (59 and 73%) genotypes [25, 115, 116] . Further, patients exhibited better viral kinetics of response and a lower risk of selection of resistance-associated HCV variants [116, 117] . In patients previously treated with PEG-IFN-α/RBV therapy, the IFNL3 genotype was not significantly associated with SVR in those who had relapsed or in partial responders, but previous null responders with the favorable rs12979860 CC genotype exhibited higher SVR rates compared with those with unfavorable genotypes [118] .
With regard to 'second-generation' protease inhibitors, the effect of the IFNL3 genotype on treatment response has been shown to be weaker, but it is expected to remain useful in predicting response, especially in treatment-naive patients. For example, the IFNL3 genotype has been shown to be significantly associated with SVR at week 12 in both treatment-naive and treatment-experienced HCV genotype 1 patients undergoing triple therapy with the NS3 protease inhibitor simeprevir [119] . Similarly, rs12979860 was identified as an independent pretreatment predictor of SVR in treatment-naive patients with HCV genotypes 1, 4, 5, and 6 treated with the NS5B polymerase inhibitor sofosbuvir in combination with PEG-IFN-α/RBV [29] . It has also been suggested that stratification of patients according to IFNL3 genotype in ongoing clinical trials of new treatments will be useful in individualizing future triple therapies and optimizing outcomes [17] .
Finally, IFNL3 appears to marginally affect treatment response in newly developed IFN-free therapies [120] . Although the IFNL3 genotype may not be relevant in predicting SVR, it has been demonstrated that IFNL3 variations are associated with viral kinetics during IFN-free treatments [120, 121] . However, studies with larger cohorts are needed to confirm these associations.
Other host genes and PEG-IFN-α/RBV response
Apart from the well-established associations described above, numerous studies have demonstrated that polymorphisms in other genes may be associated with treatment response and adverse reactions to PEG-IFN-α/RBV therapy. One of the most significant drug-related toxicities for combination therapy is RBV-induced hemolytic anemia, which causes ~15% of patients to reduce RBV dose or discontinue treatment [122] . In 2010, a genome-wide association study identified a polymorphism of the ITPA gene (rs6051702 A), encoding inosine triphosphate pyrophosphohydrolase (ITPA), shown to protect against ribavirininduced hemolytic anemia in HCV genotype 1 patients treated with PEG-IFN-α/RBV [123] . Subsequent analysis identified SNPs on two functional variants carrying the rs6051702 C allele that also protect against RBV-induced anemia in a European-American HCV genotype 1 population [124] . Further, these results have been replicated in a Japanese population and extended to HCV genotypes 2, 3, and 6, as well as to patients treated with PEG-IFN-α/RBV plus TVR triple therapy [125] [126] [127] [128] [129] [130] . Although these variants have established associations with ITPA deficiency, the mechanism by which this condition protects against RBV-induced anemia remains unclear.
A genetic variant of the LDLR gene, which encodes the low-density lipoprotein-cholesterol receptor, has been shown to predict SVR in chronic HCV patients treated with PEG-IFN-α/RBV therapy [131] . The LDLR and IFNL3 variants appear to have additive effects in predicting SVR [132] . Thus, consideration of both LDLR and IFNL3 is more accurate in predicting SVR than use of either genotype singly. Finally, it has been shown that 25-OH vitamin D deficiency is associated with non-response to PEG-IFN-α/RBV combination therapy, suggesting that variants of the vitamin D receptor gene (VDR) may play a role in treatment outcomes [133, 134] . It was recently demonstrated that a common nonsynonymous SNP in the VDR gene (rs2228570) predicts treatment response to PEG-IFN-α/RBV therapy in HCV genotype 1 and 4 patients, with minor T-allele carriers having an increased likelihood of achieving an SVR [135] .
Conclusion
Treatment of HCV genotype 1 infection has made remarkable progress over the last two decades, allowing SVR rates to climb to new highs for a chronic infection that was traditionally difficult to cure. In treatment-naive patients, an ~ 30% increase in SVR has been possible with the addition of DAAs to PEG-IFN-α/RBV combination therapies. Pharmacogenetics offers another useful tool to optimize individual treatment regimens by allowing clinicians to make more informed decisions on treatment options, to modify dose, and to decide the duration of treatment regimens and avoid certain adverse reactions associated with therapies. In particular, the IFNL3 genotype has been established as a robust predictor of treatment outcomes to PEG-IFN-α/RBV-based therapies. In the era of new DAAs, IFNL3 variation may remain useful, although the effects will be attenuated. However, newer therapies are extremely expensive and thus PEG-IFN-α/RBV-based regimens will likely remain the mainstay of HCV treatment in developing nations. As developed nations like the USA adopt newer, more effective treatments, studies will be needed to confirm the initial associations found between the IFNL3 genotype and treatment response. Although likely theories have been suggested, it is still not certain how the IFNL3 genotype affects treatment outcomes, and further research will be needed to elucidate the exact mechanism. An improved mechanistic understanding of PEG-IFN-α and genetic determinants of SVR will help identify novel biomarkers for spontaneous clearance, determine new targets to personalize treatments for HCV infection, and ultimately allow for further improvement of treatment response rates. As SVR rates climb to new highs of greater than 95% with the advent of IFN-free regimens, which have now replaced IFN-based therapies in developed nations, the future of genotype 1 HCV treatment is bright indeed. Stylized depiction of the pharmacodynamics of Peginterferon-α in hepatocytes. A fully interactive version is available at PharmGKB (http://www.pharmgkb.org/pathway/ PA166126086).
